The objective of this study was to determine the effect of the dietary inclusion of lipid-based diets (whole cottonseed and protected fat) on the centesimal composition, fatty acid profile, and sensory properties of meat from finishing Nellore cattle. The study was carried out from August to October 2009. Thirty nine uncastrated Nellore males with average initial body weight of 494.1 ± 10.1 kg and 36 months of age were housed for 63 days in pens with thirteen animals each. A completely randomized design with three treatments and thirteen replications was used. The treatments evaluated were: feed with 2.50% cottonseed (control diet); feed with 11.50 % cottonseed; and feed with 3.13% cottonseed added of protected lipid (PL), all on a dry matter basis. No differences between treatments were observed for moisture, protein, and ash contents. However, the addition of protected fat caused an increase in the percentage of ether extract in the meat. Diets containing cottonseed or protected lipid did not affect fatty acid concentration in the meat. The intensity of the aroma, strange aroma, flavor, strange flavor, juiciness, color, and overall appearance were similar between treatments, except for tenderness, which was positively affected in cattle fed a diet in which the only lipid source was cottonseed. The study demonstrated that the addition of PL in the diets of finishing cattle led to greater levels of intramuscular fat, but to less tender meat than the other treatments.
Introduction
Cattle meat is one of the most important foods in an adequate human diet. However, this food has been recently associated with high cholesterol levels, which is a risk factor for cardiovascular diseases (Scollan et al., 2006) . This fact is directly related with the characteristics of the fat in cattle meat, which has greater concentration of saturated fatty acids and lower ratio between polyunsaturated and saturated fatty acids, as unsaturated fatty acids from the diet are hydrogenated in the rumen, different from what happens to ingested fat in monogastric animals (French et al., 2000) .
Nowadays, given the demands of the consumers for high quality meat caused by changes in economic stability, increased purchasing power and concerns about health, the use of agroindustrial by-products in the feed animals should be analyzed for better understanding of their impacts on cattle meat quality.
Consumer interest in the beneficial effects of some foods has been growing. These consumers may be searching for foods that provide additional physiological benefits, besides satisfying basic nutritional needs (Hasler, 1998) . This observation has stimulated animal production studies on solutions to decrease the level of unsaturated fatty acids and increase polyunsaturated ones in foods of animal origin. It is possible to change the content of different fatty acids in the muscles of animals by altering their diets, leading to the production of healthier meats (Andrade et al., 2001) .
Nutritional manipulation of the rumen environment is one strategy used to change the lipid profile and composition of ruminant meats (Demeyer & Doreau, 1999) . Therefore, it is important to study the effect of animal diets or feed ingredients on human health, as well as on the nutritional and sensory quality of the meats and their preservation characteristics.
Whole cottonseed (CS) and calcium salts of fatty acids (CSFA) are options in cattle diets, once there are reports in the literature that a fraction of the fat in these ingredients goes through the rumen without being attacked by the microorganisms, is later on degraded and absorbed in the small intestines, producing meat of better quality (Huerta-Leidenz et al., 1991; Jenkins, 1993; Van Soest, 1994; Costa et al., 2013) . Based on these facts, the objective of this study was to evaluate the centesimal composition, the fatty acid profile, and the sensory characteristics of M. longissimus thoracis of Nellore cattle fed diets containing lipid sources.
Materials and Methods

Study Location
The study was carried out in the Chapéu de Couro Farm, located in the city of Aguaí/SP, Brazil, at 22°04′00″ South, 47°09′03″ West, average altitude of 615 m above sea level. The region is characterized by a hot and humid seasons from October to March, followed by a cold and dry season from May to September. The climate of the region is Cwa in the Köppen classification (mesothermal, with hot and humid summers and dry winters).
Animal Management and Treatment
A group of 39 uncastrated, Nellore animals raised in Brachiaria humidicola pastures was used in the study. Mean age of the animals was 36 months and initial mean live weight was 494.1 ± 10.1. Animals were identified and dewormed with Ivermectin 1% before the beginning of the trial.
Then, animals were randomly assigned to one of three treatments, based on dry matter: feed with 2.50% CS (control diet), feed with 11.50% CS, and feed with 3.13%% CS added of 1.77% protected lipid (PL).
Animals were confined for 63 days (experimental period) in collective pens of 247 m 2 (19 m 2 per animal). The confinement facility was made up of three pens with sand floors, with 13 animals per pen. Feeders and drinkers in these pens were provided with roofs and animals had free access to them. Feeders were made of concrete, and the length available per animal was 0.70 m. A 10-day period was used for the adaptation to the diet and management prior experimental period, in which concentrate was gradually added to the feed, until a 50:50 forage:concentrate ratio was reached.
The experimental diets were formulated in the CNCPS software 4.0 (CNCPS, 2000) for uncastrated finishing cattle to provide weight gains of 1.4 kg/animal/day. Forage:concentrate ratio was 50:50 on a dry matter basis. All the concentrate ingredients and forage were weighted in order to prepare the experimental diets, using electronic weighing scale kg. Sugar cane chopped was used as forage, and concentrate was made up of urea, cracked corn kernels, citrus pulp, cotton meal, CS and/or PL. The PL used in this study was made from soybean vegetable oil and had fatty acid calcium salts in its composition. Animals were fed twice a day at 8 am and 4 pm, in a total mix diet, with about 5% leftovers that were weighted in the morning for diet adjustment. Nutritional composition of the diets is shown in Table 1 . 
Note.
1 Composition /kg: P = 60 g; Ca = 180g; Mg = 5 g; S = 17g; Na = 135 g; Cu = 650 mg; Mn = 500 mg; Zn = 2400 mg; I = 48 mg; Co = 38 mg; Se= 12 mg; CS = cottonseed; PL = protected lipid.
Procedures for Data Collection
After thawing, composite samples of a 21-day period were obtained. Samples of feed and forage were weighted and pre-dried at 60 °C for 72 hours. Then, they were weighted again in a mill with 1-mm sieves, and stored in plastic bags. Samples of the experimental diets were sugar cane and concentrate which were collected every seven days, placed in plastic bags and stored in at -4 o C for subsequent measurements.
The samples were analyzed for Proximate Analysis according to AOAC (1990) and NDFom and ADFom (excluding ash) according to procedures of Van Soest et al., 1991) , and lignin by the sulphuric acid method (Lignin (sa), after a sequential neutral-acid detergent extraction (Van Soest et al., 1991) . In the NDF analyses, thermostable α-amylase was used without sodium sulfite (Mertens, 2002) . Non-fiber carbohydrates (NFC) in the ingredients of the diets were determined by the following equation, according to Sniffen et al. (1992) , NFC = 100 -(%NDFcp + %CP + %EE + %MM). Due to the presence of urea in the diets, NFC in them were calculated as indicated by Hall (2000) : NFC = 100 -[(%CP -%CP from urea + %urea) + %NDFcp + %EE + %Ash]. Estimated metabolizable energy (ME) in Mcal/kg of DM was determined according to the NRC (1996) recommendations, considering that 1 kg of total digestible nutrients (TDN) contains 4.409 Mcal of digestible energy (DE), using 0.82 as the conversion factor to transform DE in ME. Analyses of the feed samples were carried out in the Food Analysis Laboratory at the Animal Nutrition and Improvement Department of Faculdade de Medicina Veterinária e Zootecnia at Universidade Estadual Paulista, Botucatu campus. Results of these analyses are shown in Tables 2 and 3 . Note. 1 Estimated in the feed composition according to the CQBAL 3.0 (2012) and the NRC (2001); 2 ME = estimated metabolizable energy, in Mcal/kg of DM, according to the NRC (1996).
Slaughter Procedures and Sample Preparations
After 63 days of the study, animals were weighted for the last time after a 14-h solid food fasting. Mean final live weight was 577.01 kg ± 11.34. Soon after being weighted, animals were taken to a slaughterhouse (FRIGONOBRE, in the city of Torrinha, state of São Paulo), 166 km from the study site, in solid food fasting until the moment they were slaughtered. Animals were slaughtered according to the regular flow of the industry. After slaughter, carcasses were identified and divided into two halves that were kept in a cold chamber for 24 hours at 2 °C. Then, part of the M. longissimus thoracis of each animal was removed between the 12 th and 13 th rib of the left half carcass, and divided in three samples (steaks). Steaks were 2.5 cm thick and were identified and stored individually in plastic bags under vacuum. One of the samples was used for the determination of the centesimal composition, another for fatty acid profile, and the third one was used in sensory analysis.
Then, samples were frozen in a freezer at -18 °C at Universidade Estadual Paulista, Faculdade de Ciências Agronômicas, Botucatu campus, at the Animal Products Technology Laboratory. Before the centesimal composition and fatty acid profile were analyzed, samples of M. longissimus thoracis were thawed in refrigerator for 24 hours and then removed from the plastic bags.
Chemical Analysis of the Meat
For the centesimal composition of M. longissimus thoracis of each animal, moisture content was determined according to the AOAC 39. 
Chromatographic Analysis of Fatty Acid Composition
Samples of M. longissimus thoracis of each animal were used to determine the fatty acid profile. The analysis of methyl esters of fatty acids was carried out in a gas chromatograph (Shimadzu, model GC-17A) equipped with an ionization flame detector, split/splitless injector, and fused silica capillary column with polyethylene glycol as the stationary phase (DB-Wax, 60 m × 0.25 mm, J&W Scientific). The following chromatographic conditions were used: injector temperature, 230 °C; initial column temperature of 80 °C for 2 minutes at 3 °C per minute rate, followed by a raise to 180 °C at 30 °C/min rate; this temperature was maintained for 30 minutes, followed by another raise to 200 °C at 3 °C/minute rate; this temperature was maintained for 108 minutes. Detector temperature was 240 °C, with helium as the dragging gas at a total flow of 8.0 mL/min; sample division ratio was 1:50. Retention times of the methyl ester standards (Sigma-Aldrich) were compared for the identification of the fatty acids, whereas quantification was carried out by the normalization of the area, and results were expressed in percentage area of each fatty acid over total fatty acid area (%) (Hartman & Lago, 1973) . Desirable fatty acids were determined by the sum of unsaturated fatty acids and C18:0, and undesirable fatty acids were calculated by the sum of C14:0 and C16:0 according to Huerta-Leidenz et al. (1991) .
Sensory Analysis
Sensory analysis of M. longissimus thoracis of each animal was carried out after samples were thawed in Vol. 7, No. 7; refrigerator (+/-20 hours at 2.5 ± 0.5 °C) and heated on automatic superposed grills. After an internal temperature of 71 °C was reached in the geometric center of the sample, the steak was removed from the grill. Samples were cut in cubes of similar size and, later on, heated on a microwave oven for 30 seconds until temperature reached 50 °C. They were immediately and randomly distributed to the panelists in sterile Petri dishes codified with four-digit numbers, together with a glass of water. Sensory evaluations were conducted according to Meilgaard et al. (1990) , using 11 trained panelists. The following sensory tests were used, in the following order, with a 9-point scale: aroma intensity (ranging from absent to extremely intense), strange aroma (ranging from absent, 1 to extremely strong, 9), flavor (ranging from extremely bad to extremely good), strange flavor (ranging from absent, 1 to extremely intense,9), tenderness (ranging from extremely tender, 1 to extremely hard, 9), juiciness (ranging from extremely dry, 1 to extremely juicy, 9), color (ranging from bright cherry red to dark red) and overall appearance (ranging from very bad to very good).
Statistical Procedures and Model Evaluation
A completely random design experiment with 3 treatments and 13 repetitions was used, according to the Υij = μ + Ti + eij model, where: Yij is the value observed in the j th experimental unit (animal) that received the i th treatment; μ is the overall mean; Ti is the fixed effect of the i th treatment; while eij is the experimental error related to the experimental unit. The variables centesimal composition and FA profile were analyzed by means of the GLM (Generalized Linear Models) of the SAS (2002) software, and means were compared using Tukey test at a 5% significance level. Statistical analysis of the sensory panel was based on the random block design with three treatments and eleven repetitions (panelists).
Results
No difference was observed on the moisture, protein and ash contents of M. longissimus thoracis (P > 0.05) between the treatments that included PL or increased CS levels in the diet (Table 4) . Note. ab Means followed by different letters script in the same rows are significantly different (P < 0.05); CS = cottonseed; PL = protected lipid; SE = standard error.
The addition of PL in the diet three increased (P < 0.05) percent intramuscular fat (%EE of the muscle) in relation to the other feeds (Table 4 ).
The proportion of fatty acids in PL as a feed ingredient in the present study were: 53.53% saturated fatty acids (SFA), 42.59% monounsaturated fatty acids (MUFA) and 2.96% polyunsaturated fatty acids (PUFA), with some fatty acids of importance such as oleic acid (34.52%), γ-linolenic acid (0.94%) and α-linolenic acid (1.04%). Bertrand et al. (2005) determined the following proportion of fatty acids for CS: 27.83% SFA, 16.02% MUFA and 55.9% PUFA, with some fatty acids of importance such as oleic acid (15.45%), and linolenic acid (55.72%).
Although PL treatment showed greater EE content (Table 4) , which indicates greater percent intramuscular fat, there were no differences (P > 0.05) between the diets in the present study, in terms of the FA profile in the meat (Table 5) . It was also noted that oleic acid (C18:1n9c), was found in the greatest proportion, whose mean content was 37.32%, followed by palmitic acid (C16:0), with 28.90%, and stearic acid (C18:0), with 21.53% ( 
Note.
1 According to Tukey test (P < 0.05); t -trans; c -cis; n = position of the double bonds; CS = cottonseed; PL = protected lipid.
There were no differences (P > 0.05) between the diets for the proportion of SFA, MUFA and PUFA in the meat of the animals in this study, according to the lipid sources used (Table 6 ). The inclusion of protected fat or CS in the diet did not change the proportion of desirable fatty acids (FADes) and undesirable fatty acids (FAUnd) in the meat (Table 6 ). 
1 Fatty acid profile = expressed in% total fatty acid relative area; 2 According to Tukey test (P < 0.05); FADes = SFATot + C18:0; FAUnd = C14:0 + C16:0; CS = cottonseed; PL = protected lipid. Table 7 shows the sensory attributes of the meat as a function of the lipid sources used. Except for the variable tenderness, none the others was not affected when CS levels were increased or PL was added to the diet of the animals ( Table 7) . The results also showed that animals that received PL in the diet showed greater content of intramuscular fat (Table 4) and reduced tenderness, compared with animals fed 2.50 and 11.50% CS (Table 7) . Note.
ab Means followed by different letters script in the same rows are significantly different (P < 0.05); CS = cotton seed; PL = protected lipid.
Discussion
While Costa et al. (2013) observed a linear decrease in EE of the muscle with the addition of CS to the diets of Nellore cattle, a positive correlation between the treatment was found in the present study on protected lipid and intramuscular fat. This finding shows greater efficiency of PL in the passage through the rumen towards the abomasum. In the acid conditions of the abomasum, the chemical bonds of PL are weakened, enabling its degradation and absorption in the small intestine and, later on, its accumulation as intramuscular fat. Although this increase in intramuscular fat was not observed, it improves meat quality, once there was no increase in UFA in the meat.
Several authors (Andrade, 2014; Fiorentini et al. 2012; Souza et al. 2007) observed that the lipid sources in the diet did not change most of the FA in cattle meat. According to Patil et al. (1993) , when ruminants are fed high concentrations of fat, either partially or completely protected from the microbial action of the rumen, there may be an increase in percent intramuscular fat and changes in the fatty acid profile. However, the same authors mentioned that these are small changes, which may explain the absence of difference of FA profile in the PL treatment compared with the other lipid sources.
The observed higher values of C18:0 in the meat of the animals that were fed 11.50% CS in the diet were closer to those reported by Costa et al. (2013) , who used 14.35% CS in the feed of the animals. Stearic acid, when consumed by humans, is absorbed in the intestines and transported to the liver by chylomicrons. In the liver, it is transformed in oleic acid (monounsaturated), going back to the circulation without cardiovascular risks (Monegaglia & Beyruti, 2004) .
The observed results are contrary to those reported by Silva et al. (2009) , who observed little or none effects of inclusion of CSFA in the diets on the fatty acid composition in the meat. Greater concentration of PUFA (10.40%) that was observed in the ingredient (CSFA) by Silva et al. (2009) , compared with the reduced value (2.96%) of these acids in the PL (ingredient) of the present study, certainly collaborated with increased PUFA levels observed in the meat and caused by greater ingestion of PUFA by the cattle, leading to increased flow of unsaturated fat into the duodenum. Similar study by Andrade (2014) who fed 60% concentrate in a corn-based diet to confined animals diets containing PL or not, observed reduced PUFA contents in the meat when PL was included in the feed. The quantity of corn-based concentrate may have collaborated for a more acid rumen environment, leading to the dissociation of the protected lipid in the rumen and, consequently, to the saturation of part of the PUFA. This may explain the absence of differences between the treatment in the present study, as the diets were made up with more forage and less corn, creating a less acid rumen environment and increasing the efficiency in the preservation of the unsaturated fatty acids (UFA) of the protected lipid. A fact that may have collaborated for the absence of greater UFA concentrations in the present study after PL treatment is related to the low UFA concentration in the PL ingredient. Shibuya (2004) did not note any differences between the treatments in the attributes taste and juiciness when CS (21% in DM) or protected fat (5% in DM) were included in the diet of crossbred steers (Simmental x Brangus).
The observed meat attributes values in the current study might have been caused by many factors including nutritional status attained by the animals at slaughter. The observed higher tenderness in Diet 1 and 2 might be attributed to an increase in collagen solubility and increase level of intramuscular fats in the carcass (Christensen et al., 2000 (Christensen et al., , 2004 Hopkins et al., 2006) . It is also anticipated that, the inclusion of CS in the finishing diets increased the availability of muscle protein turnover rate, which might also contributed to the increased tendeness of the meat (Hopkins et al., 2006) .Higher tenderness in CS diets also might also had an increase in calpain-calpastatin activities which are very much influenced by rate of protein intake (Ibrahim et al., 2008) .
As for tenderness, similar to the present study, the author observed that the animals fed CS as their exclusive source of fat showed more tender meat than those fed PL. This result may be explained by the fact that ruminant diets with high concentrations of partially or completely protected fat may lead to increased levels of intramuscular fat and, in some cases, meat tenderness may be negatively affected (Patil et al., 1993) , as observed in the present study.
Conclusions
The study demonstrated that the addition of PL in the diets of finishing cattle led to greater levels of intramuscular fat, but to less tender meat than the other treatments.
Animals that were fed only CS as their lipid source had more tender meat. Based on these findings, if tenderness adds value to the product in the market, the farmer should adopt a treatment that contains only CS.
